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DESCRIPTION 

SYNTHETIC RESIN CARD AND METHOD FOR PRODUCING SAME 
Technical Field 

5 The present invention relates to a synthetic resin card 

in which card warpage after pressing is reduced and which 
has excellent durability, and a method for producing the 
same . 

10 Background Art 

Magnetic recording mediums have been conventionally 
widely used in the field of cash cards, credit cards, ID 
cards, and the like. In magnetic recoding mediums, simple 
information, such as names of card owners and membership 

15 numbers, can be magnetically recorded, and identification of 
the card owners, etc. is performed on the basis of such 
information. However, in the magnetic recording mediums, 
the amount of information that can be recorded is limited. 
Furthermore, since magnetically recorded information can be 

20 easily read, there remains a concern with respect to 
security. 

Recently, in view of prevention of leakage of personal 
information, there has been a demand for tightening security. 
IC cards including IC chips as recording mediums have been 
25 receiving attention for the sake of higher security and 



I 

- 2 - 

S04P0747 

becoming mainstream. In particular, non-contact IC cards 
have been widely used in boarding systems, security systems, 
and the like, and widespread use of such IC cards is 
remarkable . 

5 These cards are usually produced by thermal pressing of 

synthetic resins, such as plastics. When oriented PET 
substrates are vertically symmetrically placed and laminated 
on front and back surfaces of a core layer composed of a 
plurality of sheets interposed inside a card, in some cases, 

10 warpage may occur in the card after lamination with a press, 
giving rise to problems. 

Such card warpage causes various defects. For example, 
moving characteristics may be affected by the warpage of the 
card when an initializer, a printer, or the like is used. 

15 It may become impossible to read information recorded in IC 
chips and magnetic stripes and to write information in these 
recording mediums. Furthermore, when a card is left to 
stand in high temperatures, the shape of an IC chip, etc. 
contained in the card may stand out, and as a result, moving 

20 characteristics may be affected when an initializer, a 

printer, or the like is used, as in the case of the card 
warpage described above. Consequently, there has been a 
need for a card in which card warpage due to thermal 
pressing is suppressed and degradation of the surface of the 

25 card is small, and which has excellent durability. 
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Accordingly, it is an object of the present invention 
to provide a synthetic resin card in which moving 
characteristics are improved when an initializer, a printer, 
or the like is used, and card warpage after pressing is 
5 reduced so that reading and writing from and in an IC chip, 
a magnetic stripe, or the like formed in the card can be 
performed satisfactorily, and which has excellent durability, 
and a method for producing such a synthetic, resin card. 

10 Disclosure of Invention 

A synthetic resin card according to the present 
invention includes a substantially planar core layer, and a 
first outer layer and a second outer layer laminated on 
front and back surfaces of the core layer, respectively, 

15 wherein the difference A in the angle of orientation between 
the first and second outer layers is 20° or less. In such a 
synthetic resin card, it is possible to reduce imbalance of 
stress resulting from the difference in the shrinkage factor 
between the outer layers disposed on the front and back 

2 0 surfaces of the core layer, card warpage does not 

substantially occur, and the card has excellent moving 
characteristics. Furthermore, the thicknesses of the first 
and second outer layers may be symmetrical with respect to 
the core layer. The symmetry in thickness further reduces 

2 5 imbalance of stress, and the card warpage can be further 
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reduced. 

In the synthetic resin card of the present invention, 
the first and second outer layers may each have a thickness 
of 25 to 125 fam. In such a thickness range, the imbalance 
5 of stress applied to the synthetic resin card can be reduced. 
Consequently, the card warpage can be controlled within the 
specified range according to the standard. Furthermore, in 
the synthetic resin card of the present invention, even if a 
biaxially oriented film, such as oriented PET, is used for 

10 the first and second outer layers, card warpage can be 

reduced. Furthermore, since the core layer and the first 
and second outer layers can be formed of halogen- free 
materials, environmental considerations are also made. 

Furthermore, in the synthetic resin card of the present 

15 invention, the core layer may include an electronic module 
sandwiched between a pair of core components. In the 
synthetic resin card having such a structure, the electronic 
module provided in the core layer can impart various 
functions to the synthetic resin card. Moreover, if the 

2 0 electronic module is composed of an IC chip and an IC module 
connected to the IC chip, the synthetic resin card can be an 
IC card. 

Furthermore, in the synthetic resin card of the present 
invention, at least one of the first outer layer and the 
25 second outer layer may be provided with a recording layer. 
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By forming the recording layer using a reversible 
thermosensit ive material, it is also possible to form a 
rewritable card in which data can be recorded and deleted at 
will. 

5 Furthermore, in the synthetic resin card of the present 

invention, the core layer may be composed of a copolymer of 
terephthalic acid, cyclohexanedimethanol , and ethylene 
glycol, and polycarbonate, the compounding ratio of the 
copolymer being 70% or less. In such a core layer, molding 

10 can be easily performed, and the core layer has excellent 
heat resistance and excellent durability when used for a 
long period of time. For example, even when the core layer 
contains an IC chip and an IC module, it is possible to 
prevent the shape thereof from standing out in the surface 

15 of the card. Therefore, it is possible to provide a 

synthetic resin card in which the surface of the card is 
planar even when the synthetic card is used in various 
environments, and data can be repeatedly and reliably 
recorded and deleted in and from the synthetic resin card. 

2 0 A method for producing a synthetic resin card according 

to the present invention includes laminating a first outer 
layer and a second outer layer on front and back surfaces of 
a core layer, wherein the first and second outer layers are 
selected so that the difference A in the angle of 

2 5 orientation between the first and second outer layers is 20° 
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or less, and the first and second outer layers are laminated 
so that the thicknesses of the first and second outer layers 
are symmetrical with respect to the core layer. In such a 
method for producing a synthetic resin card, it is possible 
5 to reduce imbalance of stress resulting from the difference 
in the shrinkage factor between the outer layers disposed on 
the front and back surfaces of the core layer, and it is 
possible to produce a synthetic resin card in which card 
warpage does not substantially occur. 

10 

Brief Description of the Drawings 

Fig. 1 is a structure diagram which shows a structure 
of an IC card as an example of a synthetic resin card 
according to the present invention. 
15 Fig. 2 is a diagram which schematically shows molecular 

orientation in an original film from which outer layer 
sheets are cut out. 

Fig. 3 is a drawing illustrating a method for measuring 
card warpage . 

20 

Best Mode for Carrying Out the Invention 

A synthetic resin card and a method for producing the 
same according to the present invention will be described 
with reference to Figs. 1 and 2. The synthetic resin card 
25 of the present invention relates to a synthetic resin card, 
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for example, used for a magnetic card, an embossed card, a 
contact type IC card, a non-contact type IC card, or a card 
to which the functions of these cards are imparted. In this 
embodiment, as an example of the synthetic resin card, an IC 
5 card provided with an electronic module, such as an IC 

module, will be described. Note that the synthetic resin 
card of the present invention is not limited to this 
embodiment as long as it is within the scope of the present 
invention, and is applicable to any card. 

10 Fig. 1 is a diagram showing an example of an IC card 

according to this embodiment and is a structure diagram 
showing a structure of an IC card 1. Fig. 2 is a diagram 
which schematically shows molecular orientation in an 
original film from which outer layer sheets 3 and 6 are cut 

15 out. 

The IC card 1 includes a card core section 7 serving as 
a core layer in which an IC chip 4 and an IC module 5 
connected to the IC chip 4 are sandwiched between card core 
sheets 7a and 7b, outer layer sheets 3 and 6 bonded to the 

2 0 upper surface and the lower surface of the card core section 
7, respectively, and a reversible recording layer 2 disposed 
on the upper surface of the outer layer sheet 3 . 

The outer layer sheets 3 and 6 are outer layers 
laminated to the upper surface and the lower surface of the 

2 5 card core section 7 and are symmetrically bonded to the card 
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core section 7. The outer layer sheets 3 and 6 are sheets 
which have molecular orientation, and a biaxially oriented 
film formed by drawing can be used for each sheet. Examples 
of the biaxially oriented film include polyethylene 
5 terephthalate (PET) , polyethylene naphthalate (PEN) , 

polypropylene (PP) , polyphenylene sulfide (PPS) , polystyrene, 
polyamides, polyvinyl chloride, and polyvinyl idene chloride. 
In particular, PET, PEN, PP, PPS, polystyrene, and 
polyamides are preferable as environmentally- friendly 
10 materials because a halogen, such as chlorine, is not 
contained. 

Furthermore, the difference in the angle of orientation 
between the outer layer sheets 3 and 6 is set at 20° or less. 
With respect to the biaxially oriented film used for the 

15 outer layer sheets 3 and 6 in this embodiment, the shrinkage 
factor in the drawing direction of the sheet and the 
shrinkage factor in a direction perpendicular to the drawing 
direction of the sheet are different during the formation of 
the biaxially oriented film. Consequently, when the outer 

2 0 layer sheets 3 and 6 are bonded to the card core section 7 
by thermal pressing, stress is applied to the card core 
section 7. Such stress causes warpage of the IC card 1 
after thermal pressing. Therefore, the difference in the 
angle of orientation between the outer layer sheets 3 and 6 

25 is set at 20° or less. By using the outer layer sheets 3 
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and 6 to be bonded in which the difference in the angle of 
orientation is within such a range, it is possible to 
suppress the nonunif ormity of stress applied from these 
outer layer sheets 3 and 6 to the card core section 7. 
5 Furthermore, since the outer layer sheets 3 and 6 are 
symmetrically bonded to the card core section 7, it is 
possible to suppress the imbalance of stress applied from 
the outer layer sheets 3 and 6 to the card core section 7, 
and thus card warpage does not substantially occur in the IC 

10 card 1 after thermal pressing. 

The outer layer sheets 3 and 6 are cut out with a 
predetermined size from an original film formed by drawing. 
As shown in Fig. 2, deviation occurs in molecular 
orientation 11 in the plane of an original film 11 along the 

15 width direction which is perpendicular to the drawing 

direction of the original film 10. The direction of the 
molecular orientation 11 has a tendency to become closer to 
the drawing direction from the center toward the ends with 
respect to the width direction of the original film 10. 

20 Consequently, as the outer layer sheets 3 and 6, sheets that 
are cut out by selecting certain regions of the original 
film 10 such that the difference in the angle of orientation 
between the sheets is 20° or less. For example, in Fig. 2, 
if outer layer sheets cut out from a region 10a and its 

25 adjacent region 10b, respectively, are used as the outer 
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layer sheets 3 and 6, it is possible to set the difference 
in the angle of orientation between the outer layer sheets 3 
and 6 at 20° or less. Furthermore, it is also possible to 
stack sheets from regions adjacent to each other in the 
5 drawing direction of the original film 10, i.e., sheets in 
the same line along the drawing direction. 

The card core section 7 corresponds to a core layer of 
the IC card 1 and includes core sheets 7a and 7b which 
sandwich an IC chip 4 and an IC module 5. The core sheets 

10 7a and 7b are core components constituting the core layer of 
the IC card 1 and are, for example, composed of PET-G, i.e., 
a copolymer of terephthalic acid, cyclohexanedimethanol , and 
ethylene glycol. Since PET-G becomes flowable when heated, 
molding can be easily performed. Moreover, in view of 

15 excellent heat resistance and durability, PET-G is 

considered to be suitable as a material constituting 
synthetic resin cards, such as IC cards. Furthermore, the 
core sheets 7a and 7b may be composed of a material prepared 
by compounding polycarbonate (PC) with PET-G. While making 

2 0 use of advantages in the molding of the card, IC card 1 can 
be formed so as to have excellent heat resistance and 
durability. 

Furthermore, the core sheets 7a and 7b may be formed 
using a mixture of a polycarbonate resin and a copolymerized 
25 polyester resin prepared by replacing 10% to 70% of an 
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ethylene glycol component with cyclohexanedimethanol in 
polyethylene terephthalate . The core sheets 7a and 7b 
formed using such a material have excellent heat resistance 
and are suitable for use in the application that may be 
5 exposed to high temperatures. Moreover, the design and the 
like printed on the surfaces of the core sheets 7a and 7b do 
not substantially discolor, and high quality is achieved. 
In general, as the amount of PC compounded is increased, 
burr is reduced. If the amount of PET-G is increased, burr 

10 tends to occur. 

The reversible recording layer 2 is a recording layer 
in which data can be recorded and deleted at will, and for 
example, is formed by the application of a reversible 
thermosensitive material . A reversible recording layer 2 

15 that is composed of a reversible thermosensitive material is 
also a reversible display layer in which various types of 
information can be displayed by color development and color 
extinction with heat. For example, such a reversible 
recording layer is suitable for use in rewritable cards 

2 0 which are widely used at present. Furthermore, the IC card 
1 is not limited to the reversible recording layer 2 
described above, and the IC card 1 can be provided with a 
magnetic recording layer or any of various other recording 
layers, such as an IC chip, which will be described below. 

2 5 EXAMPLES 
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Experiments carried out with respect to IC cards 
according to this embodiment will now be described with 
reference to Table 1. First, samples used in Experimental 
Examples 1 to 17 will be described, and then evaluation 
5 items and evaluation results, and further, evaluation 
results will be described. 

<Samples> 

Samples used in Experimental Examples 1 to 17 basically 
have substantially the same structure as that of the IC card 

10 1 described above. 

With respect to a sample used in Experimental Example 1, 
core sheets (sheet thickness: 250 |nm) were each temporarily 
fixed by welding four corners using an ultrasonic welding 
device so as to be vertically symmetrical to form a card 

15 core section, and oriented PET substrates (thickness: 100 
jam) were temporarily fixed on the upper and lower surfaces 
of the card core section so as to be vertically symmetrical 
with respect to the card core section and so that there was 
no difference in the angle of orientation. Furthermore, 

20 using a vacuum heat melting press (manufactured by Kitagawa 
Seiki Co., Ltd.), press bonding and heat melting were 
performed at a temperature of 140°C and a press pressure of 
10 Kgf/cm 2 , followed by cooling and solidification. The 
resulting molded object was cut out in the shape of a card 

25 to produce a card. Note that the card in Experimental 
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Example 1 had a structure that did not include an IC chip. 
Furthermore, the type of the material constituting the core 
sheets was a mixture of polycarbonate (PC) and a copolymer 
(PET-G) of cyclohexanedimethanol and ethylene glycol in 
5 which a white filler (Ti0 2 ) was mixed, the compounding ratio 
of PET-G being 50%. 

A sample used in Experimental Example 2 had 
substantially the same structure as that of the sample used 
in Experimental Example 1, but an IC module was interposed 

10 between the core sheets constituting the card core section. 
Note that the IC module was disposed vertically 
symmetrically with respect to the thickness direction of the 
card, and a non-contact type IC module including an IC chip 
connected to a thin-film coil was used. 

15 A sample used in Experimental Example 3 had 

substantially the same structure as that of the sample used 
in Experimental Example 2, but a reversible recording layer, 
as an outer layer of the card, was disposed on the upper 
surface of one of the oriented PET substrates. As the 

20 reversible recording layer, a Leuco color development 

rewrite sheet manufactured by Mitsubishi Paper Mills Limited 
in which a recording layer was composed of a reversible 
thermosensitive material was used. The Leuco color 
development rewrite sheet included a PET substrate 

25 (thickness: 25 jam), and a recording layer (thickness: 7 jim) 
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and a protective layer (thickness: 3 jam) for protecting the 

recording layer disposed in that order on the PET substrate. 
Samples used in Experimental Examples 4 to 6 had 

substantially the same structure as that of the sample used 
5 in Experimental Example 3, but the difference in the angle 

of orientation between the oriented PET substrates bonded on 

the upper and lower surfaces of the card core section was 

set at 4°, 10° , and 20°, respectively. 

Samples used in Experimental Examples 7 and 8 had 
10 substantially the same structure as that of the sample used 

in Experimental Example 3 , but the thickness of the oriented 

PET substrate as the outer layer was changed to 125 (am and 

25 jam, respectively. 

Samples used in Experimental Examples 9 and 10 had 
15 substantially the same structure as that of the sample used 

in Experimental Example 3, but the compounding ratio between 

PET-G and PC was changed with respect to the material for 

the core sheets constituting the card core section. 

Specifically, in the sample used in Experimental Example 9, 
2 0 the compounding ratio of PET-G was set at 70%, and in the 

sample used in Experimental Example 10, the compounding 

ratio of PET-G was set at 0%. 

A sample used in Experimental Example 11 had 

substantially the same structure as that of the sample used 
25 in Experimental Example 3, but the card core section was 
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formed using vinyl chloride. 

Samples used in Experimental Examples 12 and 13 had 
substantially the same structure as that of the sample used 
in Experimental Example 3, but the difference A in the angle 
5 of orientation between the oriented PET substrates bonded on 
the upper and lower surfaces of the card core section was 
set at 25° and 90° , respectively. 

Samples used in Experimental Examples 14 and 15 had 
substantially the same structure as that of the sample used 
10 in Experimental Example 3, but the thickness of the oriented 
PET substrate was set at 150 jam and 12 jam, respectively. 

Samples used in Experimental Examples 16 and 17 had 
substantially the same structure as that of the sample used 
in Experimental Example 3, but, with respect to PET-G and PC 
15 constituting the card core section, the compounding ratio of 
PET-G was set at 80% and 100%, respectively. 

<Evaluation items and evaluation methods> 

The evaluation items and evaluation methods in 
experiments carried out in this example will now be 
2 0 described below. 

1) Difference in angle of orientation 

The angles of orientation of oriented PET substrates 
bonded to the upper and lower surfaces of the card core 
section of the card to be evaluated in each Experimental 
25 Example were measured and the difference (A°) was calculated. 
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In measuring the angle of orientation, a molecular 
orientation analyzer (trade name: Model MOA-2001A, 
manufactured by O j i Scientific Instruments) was used. 

2) Total thickness of card 

5 With respect to the card used as the sample in each 

Experimental Example, the total thickness of the card was 
measured according to the ISO standard using a micrometer 
(trade name: [x-mate, manufactured by Sony Corporation) . In 
Table 1, a total thickness of the card in a range of 680 to 
10 840 |nm was evaluated as good (indicated by O in Table 1) , 
and a total thickness of the card out of the range was 
evaluated as defective (indicated by x in Table 1) . 

3 ) Card warpage 

With respect to the card produced by thermal pressing 
15 in each Experimental Example, card warpage after thermal 
pressing was measured according to JISX6305. As shown in 
Fig. 3, in measuring card warpage, a card 2 0 was placed on a 
platen 21, and while a dial gauge 22 was being allowed to 
abut against one surface of the card, a substantially planar 
20 press device 23 was brought into contact with the opposite 

surface of the card 20. A load F of 2.2 N was substantially 
uniformly applied to the entire card 20 and the card 20 was 
left to stand for one minute. Then, card warpage was 
measured. Note that the card warpage of the card 2 0 is 
25 defined as a length from the surface of the platen 21 to the 
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maximum height of the card 2 0 placed on the platen and 
includes the thickness of the card 2 0 to be measured. The 
standard of the card warpage is 1.5 mm or less. 

4) Moving characteristics 

5 Moving characteristics were evaluated when a card 

sample was allowed to move in a device for recording or 
deleting data. With respect to the card evaluated in each 
Experimental Example, a moving test was carried out using a 
thermal recording printer (manufactured by Panasonic 
10 Communications Co., Ltd.). When a card moved without any 

problem, the card was evaluated as good (indicated by O in 
Table 1) . When a card was unable to move, the card was 
evaluated as defective (indicated by x in Table 1) . 

5) Generation of halogen gas 

15 The card used in each Experimental Example was burned. 

A card which did not generate halogen gas was evaluated as 
good (indicated by O in Table 1) . A card which generated 
halogen gas was evaluated as defective (indicated by x in 
Table 1) . 

20 6) Transport characteristics in card production process 

Transport characteristics of the substrates used in 
producing the card in each experimental example was 
evaluated. In Table 1, that had good transport 
characteristics is indicated by O, and that had insufficient 

25 transport characteristics is indicated by x. 
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7) Moving characteristics in printer after high- 
temperature storage 

The card evaluated in each Experimental Example was 
left to stand in a thermostatic chamber controlled at a 
5 temperature of 70°C and a humidity of 60% for 72 hours. 
With respect to the card thus left to stand, moving 
characteristics were evaluated using the thermal recording 
printer described above. In Table 1, that had good moving 
characteristics is indicated by O, and that had insufficient 
10 moving characteristics is indicated by x. 

< Evaluation result s> 

Evaluation results with respect to Experimental 
Examples 1 to 17 are shown in Table 1. 
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As shown in Table 1, when Experimental Examples 3 to 6, 
12, and 13 are compared, in Experimental Examples 3 to 6 in 
which the difference in the angle of orientation between the 
oriented PET substrates which are outer layers bonded to the 
5 upper and lower surfaces of the card core section is 20° or 
less, the card warpage is 1.5 mm or less, thus satisfying 
the standard, i.e., 1.5 mm or less. Consequently, it has 
been confirmed that in order to suppress card warpage, it is 
effective to set the difference in the angle of orientation 

10 between the oriented PET substrates which are outer layers 
at 20° or less. Furthermore, when Experimental Examples 3, 
7, 8, 14, and 15 were compared, with respect to the 
evaluation items of the moving characteristics of the card 
and the total thickness of the card, the case in which the 

15 thickness of the oriented PET substrate which is the outer 
layer is in a range of 25 |nm to 125 |um has satisfactory 
evaluation results. Consequently, with respect to 
Experimental Examples 1 to 17, the cards used in 
Experimental Examples 1 to 10 have satisfactory results in 

20 all the evaluation items of the total thickness of the card, 
card warpage, generation of halogen gas during burning, 
moving characteristics, transport characteristics, and 
moving characteristics after being left under high 
temperatures. That is, it has been confirmed that by 

25 setting the difference in the angle of orientation between 
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the oriented PET substrates which are bonded with 
thicknesses being symmetrical with respect to the card core 
section at 20° or less and by setting the thickness of the 
oriented PET substrates at 2 5 \im to 12 5 jam, card warpage can 
5 be suppressed and rising of the surface of the card can be 
reduced. Furthermore, at the angle of orientation in a 
range of 0 to 4°, the card warpage is within the standard, 
and the card warpage is constant at 0.8 mm. Consequently, 
in order to stably reduce the card warpage, the angle of 
10 orientation in a range of 0 to 4° is believed to be more 
desirable . 

As described above, by setting the difference in the 
angle of orientation between the outer layers symmetrically 
formed with respect to the card core section of the 

15 synthetic resin card, it is possible to reduce the card 

warpage of the synthetic resin card after thermal pressing. 
Consequently, defects during moving the synthetic resin card 
in an initializer, a printer or the like can be reduced, and 
writing and reading in and from the synthetic resin card can 

2 0 be performed smoothly. Furthermore, by setting the 

difference in the angle of orientation between the outer 
layers at 20° or less and setting the thickness of the outer 
layers at 25 jam to 125 \im, the card warpage can be 
suppressed to a value below the standard value (1.5 mm) 

25 stipulated in JIS, and rising of the surface of the 
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synthetic resin card can be reduced. Thereby, it is 
possible to provide a synthetic resin card having more 
satisfactory moving characteristics. 



